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ABSTRACT

Foods can be treated with gamma radiation, a nonthermal food process, to inactivate foodborne pathogens and fungi, to
kill insects on or in fruits and vegetables, and to increase shelf life. Gamma irradiation is especially well suited for these
treatments because of its ability to penetrate commercial pallets of foods. Irradiated fruits, vegetables, poultry, and hamburger
have been received favorably by the public and are now available in supermarkets. The use of irradiation on fresh alfalfa
sprouts was studied to determine its effect on keeping quality as related to aerobic microbial load. After an irradiation dose
of 2 kGy, the total aerobic count decreased from 105-8 to 103-5 CFU/g, and the total coliform counts decreased fiom 10°-8 to
1030 CFU/g. The results showed that the sprouts maintained their structure after irradiation, and the keeping quality was
extended to 21 days, which is an increase of 10 days from the usual shelf life. The effect of various doses of irradiation on
alfalfa seeds as measured by percent germination and yield ratio (wt/wt) of sprouts was determined. There was little effect on
the percent germination, but as the dose increased, the yield ratio of alfalfa sprouts decreased. As the length of growing time
increased, so did the yield ratio of the lower dose irradiated seeds (1 to 2 kGy). The irradiation process can be used to increase
the shelf life of alfalfa sprouts, and irradiating alfalfa seeds at doses up to 2 kGy does not unacceptably decrease the yield

ratio for production of alfalfa sprouts.

Over 300,000 tons of sprouts are produced annually
for the U.S. market (34). The seedlings or sprouts are
grown hydroponically from a variety of seeds by commer-
cial producers or by the consumer in the home. Sprouts are
usually eaten raw in salads and can be cooked, as in Ori-
ental-type meals. Of those varieties consumed raw, alfalfa
sprouts are the most common. Twelve confirmed foodborne
outbreaks occurred between 1995 and 1999 after eating
pathogen-contaminated raw alfalfa sprouts (27, 34) caused
by either Escherichia coli 0157:H7 or Salmonella spp. The
source of the pathogens was traced to contaminated seeds
(27). As a result of these outbreaks, the U.S. government
has declared raw sprouts, particularly alfalfa sprouts, a
high-risk food for the general public. The Food and Drug
Administration (FDA) now recommends that, prior to
sprouting, all seeds be disinfected by washing in a solution
of 20,000 ppm Ca hypochlorite. This treatment can only
reach pathogenic microorganisms on the seed surface, and
there is still no guarantee that all contamination will be
removed (26). Due to the unreliability of the disinfectant
step, the FDA is requiring the testing of spent irrigation
water for the pathogens within 24 h after the start of the
sprouting procedure. A more thorough history of sprout-
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related foodborne outbreaks and risk factors associated with
the consumption of raw sprouts can be found elsewhere
(27, 34).

Various methods used to disinfect sprout seeds of the
bacterial pathogen were reviewed in reports by the National
Advisory Committee on Microbiological Criteria for Foods
(27) and by Thompson and Powell (34). Some of the un-
successful sanitizers investigated for surface decontamina-
tion of the seeds are sodium or calcium hypochlorite, hy-
drogen peroxide, chlorine dioxide, ethanol, oxonated water,
acidified sodium chlorite, organic acid/hypochlorite, and
gaseous acetic acid (12, 25, 27). These surface treatments
cannot guarantee that the interior of the seeds is also de-
contaminated (27). Low-dose irradiation can be successful-
ly used as a seed fumigant against fungal growth. There
are numerous reports of this treatment for a variety of
seeds, i.e., soybean, cotton, peanut, maize, onion, barley,
chickpea, Brazilian bean, and corn (4, 5, 10, 11, 22, 30, 31,
37, 39). In addition to controlling the fungal contamination,
the germination of the seeds was not affected by this low-
dose irradiation treatment. Recently, the FDA gave final
approval for the use of irradiation up to 8 kGy to control
microbial pathogens in seeds for sprouts (35). However,
there are few or no reports on the microbial decontamina-
tion of alfalfa seeds using low-dose ionizing irradiation and
the resulting effect of irradiation on alfalfa seed germina-
tion or yield ratio (wt/wt).

Several methods have been unsuccessful at decontami-
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nating raw vegetables of bacterial populations, including
pathogens. Bari et al. (3) showed that the introduction of
calcinated calcium to the radish sprout growth medium either
completely inhibited or inactivated E. coli O157:H7. Others
have reported on the use of disinfectant solutions to remove
pathogens from cut lettuce. Beuchat (8) reported that wash-
ing with water or 200 ppm of chlorine solution had little
effect on the removal of E. coli O157:H7 from lettuce. Using
a combination of 0.5% lactic acid plus 100 ppm of chlorine,
Escudero et al. (14) reduced numbers of Yersinia enterocol-
irica by 6 logs. Since there is no way to guarantee pathogen-
free raw sprouts, the FDA in 1999 issued a warning about
the hazards of eating raw sprouts (36).

Several studies have reported on the successful reduc-
tion and increased keeping quality of fresh-cut vegetables
(15, 16, 20, 21, 28) using low doses of irradiation. A study
by Rajkowski and Thayer (29) reported D-radiation values
for E. coli O157:H7 and Salmonella spp. on raw sprouts.
A 2-kGy dose of irradiation would achieve a 5-log kill of
these pathogens on the sprouts. There are no reports as to
the keeping quality of the sprouts after irradiation at 2 kGy.

The purpose of this study was to determine the effect
on germination and yield of irradiated alfalfa seeds and the
keeping quality of irradiated alfalfa sprouts.

MATERIALS AND METHODS

Irradiation of samples. All samples were irradiated using a
self-contained gamma-radiation source of 137Cs, with a strength
of approximately 109,159 Ci (4.039 Pbq) and a dose rate of 0.10
kGy min~!. The dose rate was established using alanine transfer
dosimeters from the National Institutes of Standards and Tech-
nology, Gaithersburg, Md. The actual dose was verified by reading
dosimeter alanine pellets on an electron paramagnetic resonance
analyzer (EMS 104 EPR; Bruker, Rheinstellen, Germany). The
sample temperature during irradiation was monitored continuously
during irradiation and maintained by injecting the gas phase of
liquid nitrogen into the irradiation chamber.

Seeds: temperature effect on irradiated seed yield ratio.
Alfalfa seeds (Caudill Seed Co., Louisville, Ky.) were irradiated
to 5 kGy at 0, 5, 10, 15, 20, 25, and 30°C. Duplicate 1-g samples
at each temperature were placed in individual growth trays. Then,
the samples were put in a tray sprouter with an automatic irriga-
tion system that sprayed water for 1 min every 30 min. After 4
days of growth, the sprouts were weighed, and the yield ratio was
calculated by dividing the sprout weight by the weight of seeds.
The procedure was repeated.

Seeds: radiation dosage effects on seed germination and
yield ratio. After determining no temperature-irradiation effect on
the yield ratio, all subsequent procedures were done at 20°C. Al-
falfa seeds were irradiated to doses of 1, 2, 3, 4, and 5 kGy. The
percent germination was determined by counting out 100 of the
irradiated and nonirradiated seeds and germinating according to
the method described by the Association of Official Seed Analysts
(1, 2). The percent germination was done in duplicate and re-
peated, whereas the yield ratio determination was done in quad-
ruplicate and repeated. The seeds were stored at room temperature
for 12 months, and the percent germination and yield ratio deter-
mination were repeated. The yield ratio of the irradiated seeds
was determined by the procedure described above.

FIGURE 1. Commercial tray sprouter.

Seeds: yield ratio obtained by commercial producer. One
hundred fifty-pound portions of alfalfa seeds (International Spe-
cialty Supplies, LLC, Cookeville, Tenn.) were irradiated at 20°C
to 1, 2, and 3 kGy; given to a commercial sprouter (Snider’s
Sprouts, Potomac, Md.) to determine the yield ratio; and pro-
cessed according to the FDA’s recommendations (27). The seeds
were sanitized in a 20,000-ppm Ca hypochlorite solution (Olin
Corp., Norwalk, Conn.), rinsed with tap water, placed in a rotating
drum for 24 h, and removed; then, a known weight was placed
in trays before being put in the growth cabinet (Figs. 1 and 2).
The growth cabinet held 20 trays and was fitted with an automatic
sprayer (1 min every 30 min). Five trays of seeds irradiated at 1,
2, and 3 kGy plus the control were placed in the growth cabinet.
The sprouts were harvested 4 days later, and the yield ratio was
obtained (weight of sprouts divided into weight of seeds). The top
two and bottom two slots were not used.

Sprouts: sprout keeping quality preparation. Market-
packed alfalfa sprouts were obtained from local growers and de-
livered within 24 h after harvesting. The sprouts were kept refrig-
erated (4 to 8°C) during transportation and storage. The sprouts
were irradiated to a dose of 2 kGy at 20°C. The irradiated alfalfa
sprouts were kept refrigerated (4 to 8°C) until used.
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FIGURE 2. Commercial drum sprouter.

Sprouts: microbiological analysis. Immediately after irra-
diation and at weekly intervals, irradiated and control market
packages of sprouts were examined visually and the sprouts pho-
tographed. The alfalfa sprouts were analyzed for total aerobic and
coliform bacteria counts. After a 1/10 dilution with buffered pep-
tone water {Difco Laboratories, Detroit, Mich.) and serial diluting
with buffered peptone water, the total aerobic and coliform counts
were obtained using aerobic and E. coli-coliform Petrifitms] 3M
Microbiology Products, St. Paul, Minn.), respectively. All plates
were incubated at 37 = 1°C for 24 h before being hand counted.

Seeds: estimate of sensorial keeping quality. The subjec-
tive changes in appearance were followed, along with the micro-
bial analysis as a function of the 2-kGy radiation treatment and
storage. Appearance, discoloration, softness by touch, and odor
were scored, with scores ranging from 5 for excellent to 1 for
unmarketable.

RESULTS AND DISCUSSION

Effect of temperature on alfalfa seed yield ratio (wt/
wt). The temperature during irradiation was varied from 0
to 30°C in 5°C increments to determine the effect on the
yield ratio (wt/wt). The yield ratio is the amount of sprouts
obtained after the proper growth time from a known amount
of seeds. The sprout producers routinely test the purchased

TABLE 1. % germination and yield ratio (wt/wt) of irradiated
alfalfa seed stored 1 year

% germination Yield rato {wt/wt) after:

Irradiation

dose After After 4 days 5 days

(kGy) storage? storage” of growth  of growth
0 88 80 10.1:1 12.1:1
1 98 36 9.1:1 111
2 99 28 8.4:1 9.7:1
3 97 28 7.4:1 7.9:1
4 98 27 521 6.9:1
5 98 24 52:1 6.9:1

4 Seeds stored at room temperature for 6 months.
b Seeds stored at room temperature for 18 months.

alfalfa seeds to verify an acceptable yield ratio of =10/1
(wt/wt). The 5-kGy dose was chosen so that a marked dif-
ference of =50% in growth between the control alfalfa
sprouts and those raised from the irradiated seeds would be
observed. The decrease in yield ratio (wt/wt) was 54% from
a 9.9/1 (wt/wt) for the control versus 4.3/1 (wt/wt) for the
3-kGy treated alfalfa seeds. There was no difference in
yield ratio due to temperature effect: average yield ratio for
all temperatures studied was 4.3 * 0.2/1 (wt/wt). All future
irradiation procedures on the alfalfa seeds were done main-
taining the temperature at 20°C.

Effect of irradiation dose on alfalfa seeds. The effect
of varying dose rates from ! to 5 kGy on alfalfa seeds’
germination and yield ratio (wt/wt) was studied. Regardless
of dose, the percent germination determined was initially
the same for each dose level used (Table 1). The increase
in percent germination of the irradiated seeds from the con-
trol is not unusual. Other researchers have noted that there
was no effect or an increase in percent germination by treat-
ing seeds with radiation (17, 79, 22, 30), while others have
reported that if there was a decrease in percent germination,
the restoration of viability occurred upon storage (5). In this
study, we observed marked decreases in the percent ger-
mination of the irradiated alfalfa seeds after 1 year of stor-
age (Table 1).

There was a decrease in yield ratio (wt/wt) as the ir-
radiation dose increased (Table 1) compared to no decrease
in percent germination. Figure 3 illustrates this decrease in
sprout size (less growth), which resulted in lower yield ra-
tios as the dose rate increased. The yield ratio did increase
when the growing time was extended by 24 h (5 days from
start of growth) for the 1- and 2-kGy samples (Fig. 3),
resulting in the =10/1 (wt/wt) level needed by the sprout
producers.

Yield ratio obtained by commercial producer. To
verify the laboratory results, alfalfa seeds were irradiated,
labeled with a code, and given to the commercial sprout
producer. All batches of seeds (control and 1-, 2-, and 3-
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N

12.1:1 11.1:1 9.7:1

3 kGy

8.8:1 Yield

FIGURE 3. Yield ratio (wt/wt) and length of alfalfa sprouts raised from irradiated seeds after 4 and 5 days of growth.

FIGURE 4. Yield ratio (wt/wt) of alfalfa sprouts raised at a commercial facility from irradiated seeds.

R7049-04




RAJKOWSKI AND THAYER
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FIGURE 5. Microbial change and regrowth of background microflora on alfalfa sprouts irradiated to 2 kGy.

kGy irradiated alfalfa seeds) were processed according to
FDA protocol and were placed in separate quadrants of the
rotary drum after sanitizing and rinsing (Fig. 1). The next
day, the wet seeds were removed from the drum. After
weighing 2.05 kg of the wet seeds and placing in trays,
they were placed in the growth cabinet (Fig. 2). Four days
after the start of the procedure, the four trays of each sprout
sample were weighed and averaged to obtain the yield ratio.
Figure 4 illustrates a representative portion of sprouted
seeds for each irradiation level. The yield ratio was 9.5/1,
8.8/1, and 8.8/1 (wt/wt) for the 1-, 2-, and 3-kGy irradiated
alfalfa seeds, respectively. This represents a 14, 20, and
20% decrease in yield ratio for the 1-, 2-, and 3-kGy seeds,
compared to the control, which had an 11/1 yield ratio.
Even with this decrease, the yield ratio was accepted by
the commercial sprout grower. The commercial sprout
grower also did a yield ratio on totally drum-raised sprouts
from the irradiated seeds. The yield ratios for the drum-
raised seeds were 10/1, 9/1, 8/1, and 7/1 for the control,
1-, 2-, and 3-kGy seeds, respectively. These ratios com-
pared well with the tray-raised sprouts, as this commercial
grower usually only produces tray-raised sprouts,

Sprout keeping quality. The keeping quality of fresh
alfalfa sprouts was determined. Sprouts, packaged in plastic
“clamshell” containers, and unpacked sprouts (whole trays)
were obtained from the supermarket and local sprout grow-

ers. Previously, it was reported that the aerobic background
counts on fresh produce, including sprouts, could vary with
counts from as low as <102 to as high as 107, depending
on the produce, handling, and climate (17, 18, 33). In this
study, the ranges of total aerobic background counts on the
fresh alfalfa sprouts were between 10° and 108 CFU/g be-
fore irradiating to 2 kGy and between 10° and 105 CFU/g
after irradiation. The total coliform counts on sprouts before
irradiation ranged from 10° to 108 CFU/g, and after irra-
diation, they ranged from 103 to 105 CFU/g. Regardless of
when or where purchased, there was an average of a 2- to
3-log decrease in total aerobic counts and a 2- to 4-log
reduction in total coliform counts.

Representative curves for the total aerobic and coli-
form counts are illustrated in Figure 5, which shows the
increase in counts during storage. The total plate count in-
creased, but not to the amount in the control, as did the
total coliform count for the first 2 weeks.

Samples of the unirradiated and irradiated sprouts for
each sampling time were photographed (Fig. 6) to show the
deterioration upon storage. In addition to the photographic
record, the color, appearance, feel, and odor were also re-
corded. The scores (1 to 5) of the control and irradiated
alfalfa sprouts for the sensorial properties are listed in Table
2. By the second week of storage, the control samples be-
gan to show signs of deterioration by the change in color,

TABLE 2. Effect of 2 kGy radiation on the keeping quality of alfalfa sprouts

Control 2 kGy
Days of Log Log
storage CFU/g Color Appearance Touch Odor CFU/g Color Appearance Touch Odor
0 5.7 5 5 5 5 3.2 5 5 5 5
7 8.1 5 4 5 5 55 5 5 5 S
14 9.1 3 3a 26 4 72 5 5 5 5
21 8.5 | 1 0 0 7.8 4 4 4 4

¢ Value of 3 considered borderline acceptable.
& Value of 2 or below unacceptable.
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FIGURE 6. Keeping quality of the irradiated alfalfa sprouts compared to the unirradiated,

shriveled appearance, and slimy feel compared to the irra-
diated alfalfa sprouts. After 3 weeks of storage, the control
samples had an off-odor, shriveled roots, and obvious
browning and mycelia growth on the root. The shelf life of
the alfalfa sprouts irradiated to 2 kGy was extended and,
by the third week of storage, was just beginning to show
signs of deterioration.

CONCLUSIONS

Seed decontamination is a twofold problem: the patho-
gen can be located under the seed coat or located in a crack
or crevice where liquids may not penetrate (9, 32, 38).
When liquid disinfectants are in contact with the seeds for
an extended time, there are reports of decreased germina-
tion (9). Even with liquid disinfection of the seed, there is
still no guarantee that the resulting sprout is pathogen free
(38). The FDA approved the use of irradiation up to 8 kGy
to control bacterial pathogens on the alfalfa seeds used for

sprouting. This study found that, as the dose increased
above 3 kGy, the percent germination was not affected, but
the yield ratio was decreased. Even extending the growth
time by 24 h did not improve the yield ratio for those seeds
irradiated at >3 kGy, which would not be acceptable to a
sprout producer. Further studies are needed to determine the
dosimetry of alfalfa seeds and the actual irradiation destruc-
tion value for microbial pathogens on dry alfalfa seeds
needed to obtain a 5-log kill as required by the FDA. The
combination of a liquid disinfectant or other agent and ir-
radiation may provide for a risk-free sprout. Studies are also
needed to determine if competitive exclusion can be useful.
The natural alfalfa seed extract, canavanine, was shown to
be effective in controlling the population of Bacillus cereus
on the seeds (/3). Further studies are needed in this area to
determine if the addition of the natural inhibitor to the water
used in the sprouter can control other bacterial pathogens.

Surface disinfecting and packaging of produce under
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modified atmosphere packaging were reported to control
the microflora on fresh fruits and vegetables (6, 7, 23, 24).
In these studies, the produce was not as fragile as sprouts.
Rajkowski and Thayer (29) did show that a 5-log reduction
of both Salmonella spp. and E. coli O157:H7 was obtained
when the sprouts were irradiated to 2 kGy. In this study,
we found that the keeping quality of the sprout was ex-
tended >10 days after irradiation at 2 kGy, the amount
found for a 5-log reduction of the bacterial pathogens. Fur-
ther studies on alfalfa sprouts are needed to determine if
there are any nutrient or flavor changes in the irradiated
sprout, and a trained sensorial panel should be used to rank
the acceptability of the irradiated sprouts.
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